The value of intra-aortic balloon counterpulsation (IABP) in cardiogenic shock after acute myocardial infarction is limited, as only 17-20% of patients survive discontinuance of circulatory assistance (Krakauer et al., 1971; Sanders et al., 1972; Austen et al., 1976) . If potentially correctable lesions, such as ventricular septal defect (VSD), mitral regurgitation, or ventricular aneurysm are present, surgery may improve survival . Friable necrotic tissue, however, renders early surgery difficult. Prolonged circulatory support with IABP may allow fibrosis to develop, facilitating surgical repair.
Patients and methods
The patients were admitted to the medical intensive care unit of the Johannesburg Hospital with recent transmural myocardial infarction and grade IV cardiogenic shock (Schiedt et al., 1970) unresponsive to medical treatment. A Swan-Ganz triple lumen balloon-tipped cardiac output catheter was used first to measure and later to monitor the right atrial, pulmonary arterial, and pulmonary arterial wedge pressures and the thermodilution right ventricular output. In the patient with the VSD the shunt ratio (Verel and Grainger, 1969) was calculated from the formula: systemic arterial 02 saturationsystemic venous 02 saturation pulmonary venous 02 saturationpulmonary arterial 02 saturation. The pulmonary venous saturation was assumed from the systemic arterial saturation.
The systemic output was derived by dividing the right ventricular output by the shunt ratio. Arterial pressure was measured directly via a radial artery cannula. The Avco system was used for IABP. A 30-ml capacity intra-aortic balloon was inserted without a side graft into the femoral artery in each patient. During the period of counterpulsation, haemoglobin, white cell count, platelet count, blood urea and creatinine, and stigmata of haemolysis were estimated frequently. Repeated blood cultures were made. Intravenous heparin was given to maintain the partial thromboplastin time between 60 and 80 seconds. Prophylactic antibiotics were also given. Left ventriculography showed a low VSD. At surgery on the 30th day (Professor T. G. O'Donovan) a 1-5 cm diameter VSD close to the apex was found. The edges were firm and easily held the Teflon-buttressed Prolene sutures. An aneurysm measuring 4X 1 5 cm was excised from the anterior wall of the left ventricle. After the operation artificial ventilation was needed, and IABP was continued for a further eight days. The day after removal of the balloon, a right iliofemoral arterial thrombectomy was required because pallor, cyanosis, and pain in the right leg had developed. Six days later secondary haemorrhage occurred from aseptic detachment of a patch in the femoral artery. The patch was removed and an end-to-end anastomosis performed with a good result. The patient is well and active as an engineer eight months after operation, but has evidence of a small left-to-right shunt.
Discussion
Cardiac transplantation is the only surgical procedure likely to enhance survival where cardiogenic shock is due to extensive left ventricular damage. Patients with this condition may be ideal candidates for transplantation (Barnard, 1975) in view of the absence of prolonged heart failure or raised pulmonary vascular resistance. The ability to support the circulation for several weeks by IABP allows more time to find a suitable donor. The fact that one patient was flown 1400 km with continuation of counterpulsation indicates that transport to transplantation centres is feasible. The high early mortality from ventricular septal rupture after acute myocardial infarction has prompted attempts at surgical correction within the first 24 to 48 hours (Kitamura et al., 1971) .
Success is often limited by the necrotic margins failing to hold sutures well. Counterpulsation may improve the clinical state, decreasing the relative left-to-right shunt by diminishing afterload (Gold et al., 1973) . As in case 2, it may then be possible to wait three to four weeks before undertaking surgical correction, allowing fibrosis to develop in the margins of the defect, thus facilitating closure.
This experience confirms the findings of Rubenfire and colleagues (1972) that prolonged balloon pumping does not result in significant damage to platelets or the other blood elements. The initially very high lactic dehydrogenase levels were largely due to myocardial damage and hepatic congestion. These levels then stabilised at twice the normal value, possibly because of mild haemolysis. Shumm's test gave negative results, and there was no haemosiderinuria. The pronounced neutropenia that developed in case 2 was clearly related to drug administration since the white cell count returned to normal despite continued IABP. It is encouraging that neither local nor systemic infection appeared.
An arterial thrombosis occurred in the second patient. It is not possible to say whether it was related to the duration of pumping or to the fact that the balloon was inserted without a side graft. Circulation to the affected leg is excellent eight months after removal of the balloon. 
